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Abstract 


An amlodipine maleate pharmaceutical composition is provided with good stability when formulated 
with a pH within the range of 5.5 to 7, when measured as a 20 wt% aqueous slurry. The stability can 
also be aided by making the pharmaceutical composition from amlodipine maleate particles having an 
average particle size of greater than 20 microns, preferably greater than 1 00 microns. 
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PHARMACEUTICAL COMPOSITIONS COMPRISING 
AMLODIPINE MALEATE 



The present invention relates to pharmaceutical compositions comprising 
amlodipine maleate and to processes for making the same. 

Calcium channel blockers are useful in treating a variety of wdinc conditions, 
primarily angina and hypertension. EP 089 167 and corresponding US 4,572,909 
io disclose a class of substituted dibyefropyridine derivatives as being useful calcium 
channel blockers. These patents identify (hat one of the most preferred compounds is 
l{(2-an^oethoxy)rne%^ 

methoxy cnrbonyl-6-methyM ,4-dihydropyridine. This compound, which is now 
commonly known as amlodipine, has the following formula: 




IS 

Examples $, 11, 12, and 22 of EP 089 167 show the synthesis of amlodipine in 
(he maleate salt form. While a variety of acid addition salts are taught to be suitable, 
the maleate salt is identified as the most preferred acid addition salt. 

Subsequently. EP 244 944 and corresponding US 4,879,303 were issued 

20 directed to lhebe$ylate (or benzene sulfonate) salt of amlodipinc ^Thebesylatesaltis 
stated to provide certain advantages over the known salts including good formulating 
properties. Indeed, amlodipine besylate, and not amlodipine maleate, has been 
developed into a commercial prescription pharmaceutical by Pfizer and is sold in the 
U.S. under the trade name NORVASC 

25 A review of the available portions of the NORVASC (amlodipine besylate) 

Now Drug Application (NDA) filed with the U.S. Food & Drug Administration by 
Pfizer reveals that a witch was roado during development from the original 
amlodipine maleate to the amlodipine besylate. (Sec "Review of Original NDA" for 
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NDA# 19-787 of 10.10.1990^ obtainable from FDA under Freedom of Information 
Act ). Tha reasons for die switch woe apparently tabletting and stability problems. 
However, the precise stability and tabletting problems/issucs/causes ore not publicly 
disclosed in the information available from the FDA. Interestingly, clinical studies in 
5 the NDA include the use of the maleate salt form and the besylate salt form, the two 
salt forms being therapeutically equivalent fbioequivalent). However, in these studies 
amlodipine maleate was always used in a capsule or solution dosage form, not a tablet 
dosege form. 

The present invention relates to the discovery of stable amlodipine tnnlcatc 

10 pharmaceutical compositions. A first aspect of the invention relates to a 
pharmaceutical composition comprising an effective amount of amlodipine maleate 
and at least one pharmaceutical^ acceptable excipfont wherein the composition has a 
pH within the range of 5*5 - 7.0* The composition is preferably a solid dosage form 
such as a tablet or capsule. The invention also relates to methods of making such a 

15 composition as well as to the use of such compositions in treating or preventing 
angina or hypertension. 

Another aspect of the invention relates to a process which comprises mixing 
solid panicles of amlodipine maleate having an average particle size of at least 20 
microns with one or more pharmaceutical^ acceptable excipieots to fonn a mixture. 

20 Preferably the mixture has a pH of from 5.5 to 7.0. The mixture can be compressed 
into tablets or filled into capsules to form a solid dosage form. 

Stability is an important aspect of a pharmaceutical composition. The present 
invention is based on th$ discovery that the prior ait stability problems associated with 
amlodipine maleate can be overcome primarily by controlling the pH of the 

25 composition to be within the range of about 5,5 to 7,0, preferably of about 6,0-7.0. 
Within this range the potential degradation reactions are minimized. In particular, ihe 
formation of the following degradation product, refined to herein as amlodipine 
aspartate, is diminished or prevented in this pH range. 



+49 89 S97304 S.0-4/S9 



WO 02/053134 



PCJ7NM1/D0606 



Axulodipinc Aspartate 



10 




Amlodipine aspartate is formed by a Michael addition reaction between 
amlodipine and xnaleic acid. Because amlodipine and malcio acid are in intimate 
contact with each other in the amlodipine maleate salt, the chances of the addition 
reaction occurring increase with time; hence raising a stability issue. By controlling 
the pH, the addition is significantly slowed or prevented altogether. Thus, it has now 
been discovered that pH levels above 7.0 tend to encourage the degradation of 
amlpdipine maleate into amlocUpine aspartate. Below a pH of about 5.5, other 
degradation reactions tend to be encouraged, including the pyridine analogue of 
amlodipine having the following structure: 



1 s ^Amlo-pyridinc" 

Cr° 

Preferably the pH of the stabilized composition of our invention is hi the range 
of about 6.0 to 7.0 and more typically from about 6.1 or 6.2 to 6,8. For solid 
compositions, the pH is determined by forming a slurry of (he material with w*fer 
20 (demincraliscd water) and measuring the pH of the slurry, as is understood by workers 
skilled in the art regarding the pH of a solid composition. The concentration of the 
composition in the slurry is 20 wt%, The pH is measured by any standard technique. 

The pharmaceutical compositions of the present invention comprise a 
pharmaceutically effective amount of amlodipine maleate and at least one 
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phwmaceuticalty acceptable exeipient. Preferably tho stability of the composition is 
such that after three mouths, more preferably after six months in an environment 
controlled room at 40*0/75% RH, it exhibits a loss of amlodipine (or, accordingly, an 
increase in impurities content) of less than 10 %, preferably less than S %, and more 
s preferably less than 1% Alternatively, the amlodipine maleate pharmaceutical 
compositions of the present invention preferably exhibit a storage stability equivalent 
to or superior to amlodipine besylate compositions. For example, the loss of 
amlodipine during storage to degradation reactions is equivalent to (+/- 10%) or las 
t ^n the amlodipine loss in amlodipine besylate compositions, especially the 
lo commercial product. 

The form of the amlodipine malcate is not particularly limited and includes 
anhydrates, solvates, hydrates and partial hydrates as well as crystalline and 
amorphous forms. Further, the ratio of amlodipine to maleatc can be varied and 
specifically includes the more common and prior art form of 1 :1 as well as a novel 2:1 
13 form described commonly owned co-pending U.S. patent application serial No, 
09/809,356, filed on March 16, 2001. and entitled "Amlodipine Hemimaleate" the 
entire contents of which are incorporated herein by reference. 

The amount of amlodipine is not particularly limited and includes any amount 
that provides a pharmaceutical effect In particular, amlodipine maleatc can be used 
20 to treat or prevent hypertension or angina by administering an effective amount ton 
patient in need thereof The specific form of angina is not particularly limited and 
specifically includes chronic stable angina pectoris and vasospastic angina 
(Prinzmetal's angina). The compound can be administered by any suitable route 
including orally or parenterally depending on the dosage form. The "patients" 
25 intended to be treated include human and non-human animals especially non-human 
mammals. Generally the amount of amlodipine malcate in a unit dose is from i to 
100 rag, more typically from I to 25 mg, and preferably about 1 , 1.25, 2>5, 5 or 10 rag 
(expressed in terms of the free base). 

Amlodipine malcate can be made by any of die known techniques set forth in . 
30 the prior art, including those described in the above-mentioned patents EP 089 167 
and US 4,572,909. It is desirable that the amlodipine malcate active be substantially 
pure. For example, tho content of impurities such as amlodipine aspartate, amity 
pyridine, etc. that can be produced during the synthesis should be limited, preferably 
b less than 2 wt %, although smch purity is not required for the present invention. A 
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uscfal method to produce amlodipine maleate substantially free from atnlodipiae 
aspartate is described in commonly owned co-pending U.S. patent application serial 
No. 09/809,343, filed on March 16, 2Q01, and entitled ^Process for Making 
Amlodipine Maleata," the entire contents of which are incorporated by reference. 
5 Similarly, a useful method for making amlodipine free base is described In commonly 
owned co-pending U.SL patent application serial No. 09/809,35 1> filed on Mardflfi. 
2QD1, and entitled Process For Making Amlodipine, Derivatives Thereof; and 
Precursors Therefor," the entire contents of which are incorporated herein by 
reference 

10 The pharmaceutical compositions of the present invention also contain at least 

one exoipient An "excipient 11 as used herein means any pharmaceutically acceptable 
inactive component of the composition. As is well known in the art, excipients 
include diluents, hinders, lubricants, disintcgyants, colorants, preservatives, pH- 
ndjusters etc. The excipients are selected based on the desired physical aspects of the 

15 final form: e.g,, obtaining * tablet with desired hardness and friability, being rapidly 
dispensable and easily swallowed, etc. The desired release rate of the active substance 
from the composition after its ingestion also plays a role in the choice of excipients. 
Preferred release rate Is the roe comparable with commercially available amlodipine 
bceylate tablets* 

20 Statable excipicntsfbruse in this invention include: 

- a diluent such as calcium hydrogen phosphate, lactose, mannito) etc, 

- a binder such as macrocrystalline cellulose or a modified cellulose, povidone 

etc. 

- a disintognuit such 4S sodium starch glycoUate, crosspovidone 

25 - a lubricant such as magnesium atearate, sodium steeiy] fumarate , talc 

- a oolcrant, taste masking agent etc„ 

Hie pH of the composition can be controlled or adjusted by the proper 
selection of excipients. It should be borne in mind that amlodipine maleate is slightly 
acidic; For example, amlodipine maleate has a pH of about 4.8 as a saturated aqueous 
30 solution. Thus using excipicnts that are pH inert; i.e., they have little to no effect on 
pH, generally results in a non-aQcalipe pharmaceutical composition because the 
amlodipine maleate essentially acts as its own adjusting agent An example of a pH- 
inert exeipieac is mJorocrystalMftft cellulose. A composition comprising amlodipine 
maleate and microcryEtallinc cellulose generally exhibits a pH of about 6. For 
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comparison, the corresponding amlodipine besylate compaction general ty hasapH of 
about 7 an<f the corresponding amlodipine free base composition generally has a pH of 
about 9, Commercially available tablets comprising amlodipine besylatc and sold 
under brand none Norvasc exhibit a pH typically between 7 JD5-7 JS (again measured 
5 as a 20 wt% slurry). 

Excipients having a pH effect can also bo used. The pH of these wtcipients 
must be taken into account in developing die pharmaceutical composition $o that the 
overall pH of the pharmaceutical composition falls within the range of about 5-5 to 
7,0- 

10 For example, the CMnmaroially avaUable/pharmacoudcally acceptable ealcnum 

phosphates arc generally alkaline; i.e, pH greater than 7 when measured as described 
above in a 20% slurry. For instance, DI-TAB, a commercially available dibasic 
calcium phosphate dihydratc, is reported as having a pH of about 7.4, Nonetheless 
sonic forms and grades of calcium phosphate are acidic or unutral pH. This lower pH 

15 can be due to the species of calcium phosphate as well as die treatment daring 
processing of the material, such as in removing impurities/washing. For example, 
dibasic calcium phosphate anhydrate is generally considered to have a pH of about 7.3 
whereas A-Tab ™ (Rhodta), also a dibasic calcium phosphate anhydrate, has a pH of 
about 5.0, Further examples of commercially available non-alkaline calcium 

20 phosphates include DiCAFOS A (Budenheim) having a pH of about 7 (10 % slurry) 
and Fujicalb SG (Fuji) having a pH from 6.1*7.2 (5 % slurry). By using a non- 
alkaline calcium phosphate as an excipient, a pharmaceutical composition meeting the 
desired pH can be attained. Alternatively, a blend of calcium phosphates, some at pH 
above 7 and some a pH below 7 can be used to achieve the desired pH of the 

25 composition. 

Instead of, or in addition to a non-alk&linp calcium phosphate, other acidic 
excipiects can be used by themselves or to counter balance an alkaline excipient An 
example of such an acidic mcipient is the dtsirjtegrant ExplotabCIM) of Penwest, 
which is a coss-linked, low substituted sodium starch glycqllate. Further, pH 
30 ^ adjusting agents can also be need to attained the desired pH. These agents include 
pharmaceutical^ acceptable acids such as malcic acid, citric acid or ascorbic add (the 
second two have utility also to act *9 antioxidants) and pharmaceutical^ acceptable 
bases such as calcium oxide or magnesium oxide* Salts of weak acids and/or weak 
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bases are also suitable pH adjuatore as they act as buffers imparting pH to lower or 
* higher values according to the chemical nature of their components. 

The pharmaceutical compositions of the present invention are not particularly 
limited in terms of form or route of administration. Oral dosage forms as well as 
3 parenteral dosage forms are included. The composition can be in the form of a liquid, 
solid, or suspension. Preferably, the pharmaceutical composition is a solid dosage 
form such as a tablet* capsule or cachet intended for oral admrnlstraoon. 

Preferred solid dosage forms contain as a major exdpient mxcnjcrystalline 
cellulose, a calcium phosphate, especially calcium hydrogenphosphatc, or a 
10 combination thewof. The sum of the other excipients, if any, is generally less than 25 
wt%, more usually less than 10 wt% and id some cases less than 5 wt% of the total 
pharmaceutical composition. Preferred other excipients are a disintcgrant such as 
sodium starch glycollate and/or a lubricant $uch as magnesium stcaiate and/or talc. 

For example a pharmaceutical composition comprising amlodipine maleate 
15 and micro ay stalline cellulose as the only excipient has been shown to provide good 
stability against the formation of impurities* 

The pharmaceutical compositions of the present invention can be made by 
techniques generally known in the an. In general, the amlodipine maleate is mixed 
with one or more recipients to form a blend. The mixing can be carried out wet or dry 
20 (Le. using or not using a solvent or a liquid diluent in the process) and can involve 
granulating, slugging, or blending of powders. A dry process is however preferred. 
The blend, after optional further processing, can be compressed into tablets or filled 
into capsules such as gelatin capsules* Typically the amlodipine maleate to be mixed 
is in the form of particles, The storage stability of the pharmaceutical composition of 
25 the present Invention is enhanced, in general, by using larger particle sizes. Preferably 
the average particle size of die amlodipine maleate is at least 20 microns, more 
preferably at least 100 microns, and in some embodiments at least 300 microns. If an 
adjustment of the pH of the composition is needed, it preferably is adjusted before 
processing iota the final form such as a tablet or capsule. 
30 For example, tablets made of the present Invention cpn be prepared, eg. by a 

wet granulation of a mixture of amlodipine maleate and a solid carrier/diluent such as 
calcium phosphate of the proper grade, with die aid of a granulating solvent such as 
water or ethanol; drying the wet granulate; sieving die granulate; blending with 
sodium starch glycollate and magnesium stearate and compressing the tablet mixture 
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For example* tablets made of the present invention can be prepared, eg. by a 
wet granulation of a mixture of amlodipine imitate and a solid cwrier/diluerrt such as 
calcium phosphate of the proper grade, with the aid of a grwmlatbg solvent such as 
water or cthanot doing the wet granulate; sieving the granulate; blcndipg with 
5 sodium starch glycolhte and magnesium stearate and compressing the tablet mixture 
Into tablets. He control of pH and/or adjusting the pH value should ' be 
advantageously included before blending with magnesium stearate. In this example 
both the granulating step and the blending step are considered as "mixing" stops since 
amlodipine maleate and an recipient are mixed 

10 Yet another suitable process comprises direct compression of! the blend of 

amlodipine maleate and excipient(s). In this process, the ingredients are blended 
together to fbnn a compressible blend composition that is subsequently compressed 
into a tablet A blend that comprises amlodipine maleate, microcrystalline cellulose 
and/or calcium phosphate, and optionally sodium starch glycollatc and/or magnesium 

15 stearate may be useful in forming a tablet by direct compression. For example, a 
blend comprising amlodipine maleate, calcium hydrogen phosphate , microcrystalline 
cellulose and sodium starch glyootlate having a pH of 5 J to 7 f 0 can be blended 
together, re-blended with magnesium stcarate and pressurized to form a stable tablet, 
The tablets of (he present invention comprising amlodipine maleate, 

20 microcrystalline cellulose, sodium ataroh glycollate and magnesium stearate, 
optionally with addition of calcium hydrogenphosphate, does not suffer from the 
problem of stickiness to die tablet punch as reported in prior ait regarding other 
amlodipine formulations (see the above cited EP 244 944). Accordingly, the 
composition of the present invention may be produced in industrial scale without 

25 technological problems. 

Tablets may be covered with a suitable coating. For example, the coating can 
be a moisture hairier to help wjth storage stability or a sustained or delayed rdease 
coating composition as are well known in the art 

Alternative dosage forms arc capsules, both soft and hard capsules. The 

30 stabilized amlodipine maleate composition of the invention as described above is 
filled into capsules by techniques known in the art, in amounts comprising the desired 
therapeutical dose of amlodipine. 
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Suitable package material fpr packing the pharmaceutical doaage forms arc 
plastic or glass containers and blisters. Particularly blisters made from non-permeable 
materials (bigb density polyethylene or aluminium) are advantageous as they may 
contribute to decreasing the rate of formation of degradation impurities, (lamely the 

5 amlo-pyridine impurity* during storage. 

Hie pharmaceutical compositions of the present invention are used in treating 
or preventing angina or hypertension, as previously defined, by administering m 
effective amount of the pharmaceutical composition to a patient in need thereof! 
Typically the pharmaceutical composition is a unit dose. Individual unit dose 

10 compositions generally contain from 1 to 100 mg of amlodipine maleate, more usually 
from 1 to 25 mg. Preferable are unit doses comprising amlodipine maleatejn ati 
equivalent of 1.25, 2.5, 5 or 10 mg of amlodipine, such as tablets or capsules for oral 
administration. The pharmaceutical composition is administered from 1 to 3 times 
daily, preferably once a day. The above compositions are also useful m reducing heart 

15 failure symptoms, improving systolic left ventricular function and increasing exercise 
capacity in patients with ischaemio LVD and heart failure without current angina. 

Amlodipine trioleate compositions of our invention may be also used in 
medical applications in combination with other antihypertensive and/or antianginal 
agents, for instance with ACE- inhibitors such as benazepril The combination may be 

20 realized in a form of single combination preparation, &g. a capsule containing 
amlodipine maleate and benazepril hydrochloride, or by separate administration of 
dmgs containing the above agents. Similarly, amlodipine maleate may also be 
combined with HMG-CoA reductase inhibitors, particularly statins such as lovastin, 
simvastatin, ntorvastatm, etc. 

25 Accordingly, the present invention further provides a method for treating 

and/or preventing any one or more of angina, hypertension and heart failure (the 
Disorders) by administering a pharmaceutical composition of our invention 
comprising an effective and/or prophylactic amount of amlodipine maleate to a 
sufferer in need thereof. 

30 The present invention also provides the use of the compaction of the invention 

in the manufacture of a medicament for treating and/or preventing any one or more of 
the Disorders. 
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Examples 



EXAMPLE 1 Amtedtnine maleatc tablets famed nn cil cfum phoiph^e 



a) Tablet compositions comprising calcium phosphate of different pH 



» 



Batch number 




(B) 




(D) 






Equivalent of 
amlodzpine 


2,5 mg 


10 mg 


2.5 mg 


10 mg 


2r5mg 


10 mg 


Amlodipine 
maleate 


3.21 mg 


12.8 mg 


3.21 tng 


12.8 mg 


3.21 mg 


12.8 mg 


Calcium hydro* 
gen phosphate 
anhydrous: 

-DiCAFOSA 
-A-TAB 
- Fuiicalin 


31.5 mg 


126.0 mg 


31.5 mg 


126,0 mg 


31.5 


126.0 mg 


Microcrystallino 
cellulose 


62.05 rag 


248,1 mg 


62,05 mg 


248.1 mg 


62.05 mg 


248.1 mg 


Sodium staxch 
Glycollato 


2.0 mg 


8.0 mg 


2J> mg 


8,0 mg 


2.0 rag 


8.0 mg 


Magnesium 
Stearatc 


i.Qrag 


4.0 mg 


1.0 rag 


4.0 mg 


1.0 mg 


4.Dmg 


Total 


99.76 mg 


398,9 me 


99.76 


398.9 rag 


99.76 


398.9 mg 



Types of anhvdroun calcium tivdniffcnphospliate used 

10 



Batch no. 


Final pH of 
20%(m/V) 
slurry of lata 


Tjpaof 
CaHPOv 


Supplier of 
CaHPO*. 


pHof5% 
Ixa/V) shwry 
ofCaHPO. 


pHof20°/o 
(jn/V) sluny 
ofCaHPO, 




6.13 , 6.19 


DiCAFOSA 


Budenheiis 


7.29 


6.69 




5.74.3.74 


FuUcalin 


Fuil 


6.12 


5.62 


(C),(D) 


5.53,5.54 


A-TAB 


Wjone- 
Poulenc 


6.03 


525 
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b) Tablet compositions comprising amlodipine maleate of different particle sizes 



Batch number 


(G) 


(H) 


(I) 


Equivalent of amlodipine base 


2.5 FUR 


10 mp 




Amlodipine maleate, nulled 


3,21 m 


15.8 me 




Amlodipine maleate 






3.21 nig 


Cdciumhydrogenphosphate anhydrous 


31.5 mg 


126,0 rag 


31.5 nig 


Macrocrystalline cellulose 


62.0S mj; 


248.1 mg 


62.05 raif 


Sodium starch glvcollate 


2,0 mg 


8.0 mq 


2.0 mg 


Magnesium Stearate 




4.0 me 


1.0 me 


Total 


95.76 mg 


398.9 mg 


99.76 m* 



Particle size of the amlodipine maleate substance used for production of 
batches A -F was measured by laser diffraction and it was proven that less than 90% 
of particles is smaller than 204 micron* and 50% of particles is smaller than 80 
microns. 

This aralodipine maleate was milled to a panicle, size of 10-20 microns and 
used for producing batches (G) and (H). Alternately, another batch of amlodipine 
maleate with particle sizes 90% less than 1 1 microns and 50% less than 6 microns was 
used for producing batch 0). 



c) Manufacturing procedures 
15 Batches (A) - (B) and (I) have been manufactured n follows: 

- The amlodipine maleate was sieved through a 500 pm screen, 

- The other excipienta have been sieved through a 850 yip screen, 

- All excipiems except magnesium stearatc have been mixed in a free fell mixer for 
15 minutes at about 25 rpau Value of pH was checked at 20% aqueous slurry. 

20 - Magnesium steaxate was added and the powder blend was mixed for another 5 
minutes at about 25 tpm. 

- 2,5 mg and/ or 10 mg tablets havp been compressed using a Kotach EK0 excenter 
press* 
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Batches (G) and (H) hove beeii manufactured *a follows: 
Amlodipine maleate was milled 

The other excipieats have been sieved through a B50 lim totcen* 
5 - All exeipients except magnesium steaiate have been mixed m a free &)1 mixer 
for 1 5 minutes at about 25 rpm. Value of pH was checked at 20% aqueous slurry. 

Magnesium stearato was added and the powder blend was mixed for another 5 
minutes at about 25 rpm. 

2.5 mg/ 10 mg tables have been compressed on Korech EKO excenter press. 

10 



Example 1 Tablet* comprising mlcrocrvtttlUne cellulose 
a) Composition 



Batch number 






Equivalent of amlodipine base 


2 J me 


10ms 


Amloditsine nuleate 


3.21 ms 




Microcrvstalline cellulose 


75.55 me 


3021 me 


Predried potato starch 


20.0 


30.0 mn 


Magnesium S karate 


0,5 mz 


2.0 met 


Talc 


0.5 ms 


2-0 TOR 


Total 


99.76 me 


398-9 me 



15 



20 



25 



Manufacturing process 

Amlodipine maleatc was sieved' through a 500 fim screen. 

The other excipicnts have been sieved through a 850 yxm screen. 

All excrpicnis except magnesium ateante and talc hzrve been mixed in 

a fee fall mixer for IS minutes at about 25 ipm. Vahxo of pH was checked at 20% 

aqueous slurry. 

Magnesium stearate and talc were added and the powder blend waa 
mixed for another 5 minutes at abour 25 rpm, 

, 2,5 mg and 10 mg tablets have been compressed using a Korsch EKO 
excenter press. 
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Properties of tablet corn position : 
pH of 20% (w/V) slurry i - Batch (I) 552 

- Batch CK) =5.96 

5 

EXAMPLE 3 Amlodlplfie nwleata tablets comprising m.nnttnl 
Composition 



Batch number 


ai 


Equivalent of amlodbine base 


10 me 


Amlodipinc maleate 


12.8 me 


Mannitol 


370.1 me 


Sodium starch Rlvcollate 


8*0 mz 


Magnesium Steor&te 


6.0 m* 


Talc 


2.0 ma 


Total 


398,9 mR 



10 Manufactaring procedure 

AnJodipine maleate was sieved through a 500 pm screen. 
The other excipients have been sieved through a 850 pm screen. 
All excipients except magneaiura steaiate and talc have been mixed in 
a free fell mixer for IS minutes at about 25 rpm. Value of pH was checked at 20% 
15 aqueous shiny. 

Magnesium stearate and talc were added and the powder blend was 
mixed for another 5 minutes at about 25 

10 mg tablets have been compressed using a Korsoh EK0 exceater 

press* 
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Iframpk 4 AmlodiDlw maleatc tthlets having P H ft frher than 7 
Composition (pH of the 20% w/v slurry : 8,68 ) 



Bfltdi number 


(X) 


Equivalent of amlodfoine base 


2.5 mc 


Amlodipine maleate 

Calcium hydrogenphosphate 

anhydrous (pH 6.69) 


3.21 mg 
31.5 mg 


Magnesium oxide pondoroaum . 


0.5 m fi 


Micrccrystalline cellulose 


62.05 mR 


Sodium starch slvcotlate 


2.0 mp 


Magnesium Steuate 


l.Oxag 


Total 


10026 rac 



Manufacturing process 

The amlodipine maleate was sieved through a 500 |im screen. 
The other oxripients have been sieved through a 850 |im screen. 
1° * Amlodipine maleate, magnesium oxide and about 30 % of the amount 

ofmierocrystailine cellulose (MCC) were mixed in a free &U mixer for 10 minutes at 
about 25 rpm. 

The remaining amount of MCC, calcium hydrogenphopsphnfe 
anhydrous and sodium starch glycollate were added and the blend was mixed in a free 
15 Ml mixer for 15 minutes ai about 25 rpm. Value of pH was checked at 20% aqueous 
shirty. 

Magnesium stcaiatc was added and the powder blend was mixed for 
another 5 minutes ai about 2$ rpm. 

2J mg tablets and proportionately larger 10 rag tablets have beeq 
20 compressed using a Korsch EKO excenter press. 
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Exanmla S Stability studies on amtodltrtne male^ tablet* 

Stability studies on batches produced in Examples M were performed in a 
thetmostated chamber adjusted to 40 ±2 °C and 75+5 % of releative humidity in 
various package materials ( HDPE bottles, PVC/PVDC/PE blisters ) or on an open 
5 dish* Assay of the active substance and oftbc content of impurities was performed by 
HPLC method, using reference materials of amlodipine raaleate and major 
degradation impurities : 

andodipine aspartate ( Z#204) 

amlo-pyridinc (Z&202) 
ko Apart, two minor impurities 20203 and Z#205 were detected and identified 

The content of other detected impuritietfdogradation, products was calculated 
by internal normalization, 

In the following tables, the assay of the active substance is expressed in 
miligrams, the content of Impurities is expressed in per cent 
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A) Stability studies perfbmicd at 40°C/75%RH, open dish (influence fpH) 



M) months 


(A) , 


(B) 


(E) 




to 


(0) „ 


Assay (me/tab) 


2.4S 


9.85 


238 


10.01 


2,38 


9.88 


2*202 (%) 


0.15 


0.15 


0.08 


0.08 


0.05 


0.08 


Z#203f%") 


0.00 


0.03 


0.03 


0X3 


0.03 


0.03 


Z#204(%) 


0.16 


0.15 


0.13 


0.12 


0.13 


0.12 


Z#205(%) 


0.01 


0.01 


0.00 


0.00 


0.00 


0.00 


Totunknown(%) 


0.31 


028 


0.2? 


0.28 


0.27 


0.27 


T= 1 month 














Assay (mc/tab) 


2.48 


9.82 


2.31 


9.35 


223 


9.29 


20202 (%) 


0,15 


0.1S 


0.21 


,0.23 


1.27 


125 


Z#203<%) 


0.00 


0.03 


0.04 


0.04 


0.04 


0,04 


Z#204C%) 


024 


0.23 


0.41 


0.30 


627 


022 


£0205 (%) 


A At 

0.01 


0.01 


A AM 

0.03 


0.02 


0.04 


0.03 


TQUmknownf%1 


033 


0.31 


0.58 


0.56 


0.83 


0.72 
















T= 3 months 














Assay (ms/tab} 


2.40 


9.69 


2.30 


9.57 


2.16 


8.94 


Z#202(%) 


0.20 


0.18 


0.37 


039 


1.85 


US 


2*203 (%) 


0.03 


0.03 


0.04 


0.05 


0.04 


0.04 


Z#204(%) 


031 


0.29 


0.77 


0.63 


0J3 


027 




0.01 


0.01 


0.05 


0.04 


0.03 


0.02 


Tot. Unto. (%) 


0.42 


035 


1. 11 


1.10 


137 


1.10 
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Stability studies performed in PVC/PE/PVDC blister at 40°C/7S%RH 



T= 0 months 


<A> 


(B) 


(J) 


00 




2.51 


9.99 


2.S2 


1033 


Z#202 


0.11 


0.11 


0.20 


0.20 : 


Z#203 


0.00 


0.00 


0.00 


0.00 


Z#204 


0,15 


0.14 


0.00 


0.00 


Z#205 


0.01 


0.01 


0.00 


0.00 


Tonka. 


0.31 


031 


0.46 


0.49 


T- 3 months 










Assay 


2.49 


9.49 


2,49 


9.99 


Z02O2 


0.15 


0.15 


0.07 


0.C5 


Z#203 


0.00 


0.00 


0.00 


0.03 


Z#204 


026 


0,29 


0.46 


0.40 


Z#205 


0.01 


0.01 


0.02 


0.02 


Tunkn. 


036 


0.34 


0.45 


038 


6 months 










Assay 


245 


9.49 


2.45 


9.94 


Z«202 


023 


021 


0.17 


0.11 


rz*203 


o;o4 


0.04 


0.04 


0.04 


ZS204 


0.46 


039 "' 


0.64 


0.54 


ZK205 


0.01 


0.00 




0.02 


Tunkn. 


0.57 


0.54 * 


0.64 


0.51 . 



Stability studies performed open dish at 40°C/7S%RH 



ftf month* 






Assoy 


2M 


10.18 


Z#202 


0.04 


0.04 


Z#203 


0.02 


0.03 


Z#204 


0.19 


0.17 


Z#205 


0.01 


0.01 


totunkn. 


0.42 


0.36 


t-1 moQtb 






Assay 


2.44 


10.14 


Z#202 


O.0S 


0.07 


Z#203 


0.02 


0.03 


Z#204 


0.34 


036 


Z#205 


0.01 


0.01 


totunkn. 


0,45 


0.42 


t»3 months 






assay 


2.41 


9.72 


Z#202 


022 


021 


Z#203 . 


0.04 


0.04 


Z#204 


0.50 


0.54 


Z#205 


0,03 


0.03 


tot unkn. 


0.63 


0.56 
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Stability studies performed in HDPE container at 40°GT75%RH 



T*> 0 months 


(A) 


(3) 


fJ) 


00 


(U 


Assay 


2.51 


939 


2,52 


10.33 


10.1] 


Z#202 


0.11 


0,11 


0.20* 


0.20* 


0,19* 


Z#203 


0.00 


0.00 


0.00 


0.00 


0.00 


Z#204 


0.15 


0.14 


0.00* 


0.00* 


0.00* 


Z#205 


0.01 


0.01 


0.00 


0.00 


o.oo 


Tunin. 


0.3 1 


031 


0.46 


0.49 


0.40 


T= 3 month 












Assay 


2.52 


9.84 


2,51 


10.26 


ft.69 


2S202 


0.13 


0.15 


0.41* 


0.37* 


0.45* 


Z#203 


0.00 


0.00 


0,03 


0.00 


0.05 


Z3204 


0.27 


0.23 


0.00* 


0.00" 


0.00* 


Z#205 


0.03 


0.03 


0.07 


0.05 


0.01 


Tunkn. 


0.33 


032 


0.41 


0.49 


0.66 


T- 6 montbs 












Assay 


2.49 


9.B3 


2.47 


10.26 




Z#202 


0.15 


0.15 


0.08 


0.05 




Z#203 


G.0O 


0.00 


0.00 


0.03 




Z#204 


0.44 


0.41 


0,44 


0.38 




Z#205 


0.02 


0.01 


0.10 


0.08 




Tuakn. 


0.46 


0.44 1 


0.44 


0.37 





- Values for Z#202 andZ#204 together 



s Comparative stability studies perfbrawd at the composition with alkaline pH 
dish,40»O75%RH 



I. 



1=0 months 


w 


Assay 


2.52 


Z#202 


0.04 


Z#203 


0.03 


Z#204 


0.13 


Z#205 


0.00 


totunkn. 


0.3O 


t=i month 




Assay 


2.43 


Z#202 


0.06 


Z#2Q3 


0.03 


Z#204 


1.73 


Z#205 


0.00 


totunkn. 


0.51 
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Stability studies performed at 40*Cy75%RH, open dish (influence ofparticlcigfec) 



t=0 months 


(A) 




-(G) 


<m 


J2 - 


Assay (me/tab) 


2.45 


9.85 


2J8 


10.12 


2.54 


Z#202 (%) 


0.15 


0.15 


0.05 


0.05 


0.10 


Z#203 


0.00 


0.03 


0.00 


0.01 


0.04 


Z#204f%> 


0.16 


0.15 


0.03 


0.03 


0.01 ' 


Z#205 t%) 


0.01 


0.01 


Q.00 


0.00 


0.02 


Totunkn. (%) 


0.31 


028 


0.17 


0.11 


0.76 


t-1 month 


Assay {me/tah) 


248 


9.82 


229 


9.88 


* 


2#202(%) 


0.15 


0.15 


0.17 


0.14 


■ 


2*203 (%} 


0.00 


0.03 


0.01 


0.01 




Z#204 <%) 


024 


023 


0.52 


048 




Z#205 (%) 


0.01 


0.01 


0.02 


0.02 


m 


Totunkn. <%l 


0.35 


0J1 


022 


0.19 


• 


t*» 2 months 




Assay (me/ tab) 


2.46 


9.S7 


222 


9.64 


2.35 


zno2 (%) 


0.17 


0.16 


028 


025 


0.34 


Z#203 


0.00 


0.00 


0.01 


0.01 


0.03 


Z#204 C%) 


0.28 


028 


1.02 


1.01 


0.41 


Z#205 


0.01 


0.01 


0.03 


0.03 


0.04 


Totnnlcn.(%) 


0.47 


043 


0.63 


012 


0.60 


t=3montna """ 




Assay Cmg/tab) 


2.40 


9.69 


224 


9.36 


236 


ZM02(%) 


0.20 


0.18 


0.18 


0.16 


029 


Z#203 (%) 


0.03 


0.03 


0.01 


0.01 


0.11 


Z#204(%) 


0.31 


0.29 


126 


134 


0.53 


Z#205 f%> 


0.01 


0.01 


0.05 


0.04 


0.04 


TotutitaL(%) 


0.42 


fois 


0.90 


0.74 


0.64 



3 For a comparison of stability, increase in total Impurities, identified and unidentified, 
with regard to the t»0 months level, is considered; 



Increase in total imparities 
in% 


(A) 


(B) 


(G) 


(H) 




After 3 months at 
40°C/75%RH 


+ 0.33 " 


+ 0.24 


+ 1.82 


+ M3 
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Comvarath* stabHtv study with Norttec (commercial axtlfitilputo h^l gte tabids J 
Stability studies performed in original blister at 40^5%RH 

[ Norvascflft 5 m bach 81040100 (DP | Norviactt IOntftfaiteH,9014J55MI (NL} 



t <* 0 months 


Assay 




5.19 




939 






0.04 




0.02 


Z#203 




0.01 




0.00 


Z#204 




0.00 




0.00 


Z02OS 




0.00 




0.00 


tot untax. 




0.12 




0.12 


t=3 months 


Assay 




5.13 




9.70 


Z#202 




0.16 




0.17 


Z#203 




0.03 




0.00 


2#204 




0.00 




0.00 


Z#205 




0.00 




0.00 


tot unkn. 




0.38 




0.S2 


t — 6 months 


Assay 




4.97 




9.58 


Z#202 




0.28 




0.27 


Z#203 




0.00 




0.00 


Z#204 




0.00 




0.00 


Z#205 




0.00 




0.00 


tot, unkn. 




0.49 




0.78 
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Stability studies performed on open dish at 40°C/75%RH 







NorvzsdB 2S ns 
batch «OPI ISA (US) 


NttfVUcA 10 mo hnmK 
iiwt vtuww iv tug p#i6n 


t-o months 


Amy 


2.44 


9.91 


Z02O2 


0.08 


0.82 


Z#03 


OOO 


0.00 


Z#204 


0.00 


0.00 


2#205 


0.00 


0.00 


tot unkn. 


0.02 


034 


t«l months 


Assay 


2.44 


8.90 


Z#202 


0.18 


2.17 


Z#203 


0.04 


0.19 


Z#2Q4 


0.00 


0.01 


Z#205 


ojqo 


0.00 


tot. uckn, 


0.10 


131 


t-2 months 


Assay 


239 


7.98 


Z#202 


037 


334 


Z#203 


0.00 


0.00 


Z#204 


0.00 


0.00 


Z#205 


0.00 


0.03 


tot unkn. 


033 


2,51 


t <=> 3 months 


Assay 


234 


7.68 


Z#202 


037 


3.98 


Z#203 


0.00 


0.00 


Z#204 


0.00 


0.00 


Z*205 


0.00 


0.03 


tot unkn. 


0.27 


2.76 
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Example 6 AmtodlDlne maleate capsules 
Composition* 

10 



Batch number 


(CA\ (CB> 


Equivalent to amladipine 


5.0 Kg 


Amlodipine maleate 


642 roR 


Microcrystelline cellulose 


72.6 ma 


JPredried potato starch 


20.0 tug 


Magnesium stearate 


0.5 me 


Total 


99.52 me 
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pH of capsules at t=0 



Batch no, 


Strength 


Type of Calcium 

hydrogenphosphate 

anhydrous 


pHaf20%<m/V) 
shiny of capsule 
content 


(CC) 




Di CAPOS A 


6.10 


(CX) 


5.0 ma 


DiCAFOS A 


9.59 



fct/nloi/qooh; 



Batch number 


(CO 


(CX) 


Equivalent to amlodipine 


5.0 me 


5.0 ma 


Ajnlodiolne snaleate 


6*42 me 


6.42 mn 


Calcium hydrogenpbosphate 
anhydrous 


31.5 mg 


31.5 rag 


Magnesium oxide 


■ 


1,5 nte 


MierocrvstalUno cellulose 


62.0 m^ 


62.0 ms 


Sodium starch slycollate 1 


2,0 mz 


2,0 IMS 


Magneshun stearale 


1.0 rag 


1.0 nut 


Total 


102.92 rae 


104*43 me 



Batch (CA) h*s been manufactured as follows: 

The amlodipine maleate was sieved through a 500 pm screen. 
The other exripients have been sieved throigh a' 850 \xm screen. 
All exciptents except magnesium stearatc have been mixed in s free 
10 fall mbcer for 15 minutes at about 25 cpm. pM value was checked in 20% aqueous 
sluny, 

Magnesium stearate was added and the powder blend was mixed for 
another 5 minutes at about 25 ipm. 

gelatine capsules have been filled wilh this* powder blend 



15 



20 



Batch (CB) has been manufactured as follows: 

Tho amlodipine maleate was sieved through a 500 \im screen. 

The other exriptems have been sieved through a 850 pm screen 

Ad excipients except magnesium stearate have been mixed in a free 

fell mixer for 15 minutes at about 25 rpm* pK v&lue was checked in 20% aqueous 

sluny. 

Magnesium stearate was added and the powder blend was mixed for 
another S minutes at about 25 rpm* 

HPMC capsules have been filled with this powder blend 
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WQ 02/053X34 

^ FCT/NL0I/0060G 

Batch <CC) bas been manufactured is follows; 

The amlodipine malcate was sieved through a 500 urn screen. 
The other excipients have been sieved through a 850 jira screen. 
All exciptems except magnesium stearate have been mixed in a free 
S fell mixer for IS minutes at about 25 rpm. pH value was checked in 20% aqueous 
slurry. 

Magnesium atearate was added aad the powder blend was mixed for 
auothor 5 minutes at about 25 rpm. 

gelatine capsules have been filled with this powder blend 

10 

Batch (CX) has been manufactured at follows; 

The amlodlpine maleatc was sieved through a 500 mn screen. 
The other excipients have been sieved through a 850 jan screen. 
Amlodipine maleace, magnesium oxide and about 30 % of the amount 
l s of microcrymlline cellulose (MCQ were mixed in a free fall mixer fcr 10 minutes at 
abont25rpm. 

The remaining amount of MCC, calcium hydrogenphosphate 
anhydrous and sodium starch glycollate were added and the Wend was mixed iq a ftee 
fall mixer for 15 minutes at about 25 rpm. pH value was checked in 20% aqueous 
20 slurry. 

Magnesium stearate was added and the powderblend was mixed for 
another 5 minutes at about 25 rpm. 

gelatine capsules have been fined with this powderblend, using an 
automatic capsule filling machine. 

Example 7 Stability gtodtw on amlodlplnep ,?!^ ~n m \ W 

Stability studies on batches prepared in Example 6 were performed 
essentially as described in Example 5. 
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Stability studiei per&niwd in PVC/PE/PVDC blister at 40 °C/75%RH 



nnl iliAiithB 

tr~v U1WE1U19 


fCAl 


XCB) 




S.13 


4.98 


Z#202 


0.04 


0.04 




0.03 


0.03 




0.12 


0.12 


Z#205 


0.00 


0.00 


totunkn. 


0J2 


0.31 


t=3 montbs 




Assay . 


4-82 


4.76 


Z#202 


0.08. 


0.06 


Z#203 


0.02 


0.02 
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0.15 


0.14 


Z#205 


0.01 


0.00 
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0.39 


0.38 
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0.14 • 


0.10 
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0.02 
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0.23 


0.18 


Z#20S 


0.02 


i 0.01 


rotunko. 


0.45 


0A2 
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Two one jnonth stability studies performed to open dish 



t=0 months 
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Stability studios performed in HDPE container 
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0.00 


totunkn. 
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Z#202 


0.04 


0.04 


Z#203 


0.03 
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Z#2Q5 
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Stability studies performed in original blister 
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0.00 
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The invention having been described, H wjjl be readily apparent to those 
skilled in the art that further changes and modifications in actual hnpleme&fcatlon of 
che concepts and embodiments described herein can easily be made or may be in*™*** 
5 by practice of the invention, without departing from the spirit and scope of the 
invention as defined by fee following claims 
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CLAIMS 



5 LA pharmaceutical composition comprising an effective amount of 

amlodipine maleate and at least one phannaccuticaRy acceptable excipient wherein 
said composition hasapH within the range of 5.5* 7.0. 

2> The composition according to claim 1, whetriri said composition has a 
10 pHofabout 6.0*7.0. 

3. The composition according to claims 1 or 2, wherein said composition 
is in solid fhrm, 

W 4. The composition according to any of doe preceding claims, wherein 

said excipient is calcium phosphate or miprociystalline cellulose. 

5. The composition according to claim 4, wherein said composition 
comprises calcium phosphate and microcrystalline cellulose. 

20 

6. The composition according to claim 4 P wherein said excipient is 
calcium hydrogen phosphate. 

7. The composition according to claim 4 % wherein said excipient is 
25 microcrystelline cellulose. 

8. The composition according to any of the preceding claims, further 
comprising an acidic pH adjusting agent 

30 S>. The composition according to any of tho preceding claims, wherein 

said composition is in the form of a tablet 
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10. The composition according to claim 9> which bother comprises an 
outer moisture and/or light barrier layer suirouftdiflg said tablet 

11. The composition according to any of fee preceding claims 1-8, wherein 
5 said composition is in die form of a capsule, 

12. Hie composition according to any of the preceding claims, wherein 
said amount of arolodipine maleate corresponds to 1.0 to 25 mg of ainlodipine ftpe 
base. 

10 

13. The composition according to claim 12, wherein raid amount of 
amlodipine maleate corresponds to 1.25, 2,5, 5 or 10 mg of ainlodipine free base. 

14. A method for treating or preventing angina or hypertension or heart 
15 Mure, which comprises administering to a patient in need thereof an effective 

amount of the composition according to any of the claims 1-13. 

15. A process for making tho composition according to any of the claims 1, 
3*13 or 2-13, which comprises mixing amlodipina xn&leatc and at least one 

10 pharmaceutical^ acceptable exoipient to form a mixture having a pH within the range 
ofj^to 7,or 6,0 -70 respectively. 

16. A process, which comprises: 

mixing amlodipine maleate and at least one pbarowceutieally acceptable excipieui to 
25 form a mixture having & pH of 5,5-7.0. 

17. The process according to claim 16, which further comprises 
compressing said mixture into a tablet 

30 ls - "H* Process according to claim 16, which farther comprises filling 

capsules with said mixture to form a pharmaceutical dosage form. 



19. The procoss according to claim 16, whereto said mixing is carried out 
by wet granulation. 
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20, The proccsa according to claim 16, wherein said mixing is carried out 
by a <irf method 

5 21. The process according to claim 20, wherein arid amlodipine nudcate is 

mixed as solid particles having an average particle size of at least 100 microns -with 
said excipleut. 

22. A tablet made according to the process of any of the claims 16, 17, 19, 

10 2Q,2L 

23. A process, which comprises: 

mixing solid particles of amlodipine maleote* having an average particle size of at 
least 20 microns, with a phmmaceutically acceptable excipient to form a mixture. 

15 

24. . The process according to claim 23, which farther comprises filling 
capsules with said mixture to form a pharmaceutical dosage form. 

25. The process according to claim 23, which further comprises 
20 compressing said mixture to form a tablet 

26. The process according to claim 23, wherein said average panicle size is 
at least 100 microns. 

25 27. TV process according to claim 23. wherein said mixture Is blended 

with one or more appropriate excipients so as to have a pH within the range of 5.5 to 
7. 

28, The use of a composition accordng to any of the claims 1-13 for the 
30 manufacture of a medicament for (he treatment of angina, hypertension or heart 
failure, 
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